With the purpose of assessing classic spectroscopic methods on high-resolution and high signal-to-noise ratio spectra in the near-infrared wavelength region, we selected a sample of 65 F-, G-, and K-type stars observed with CARMENES, the new, ultrastable, double-channel spectrograph at the 3.5 m Calar Alto telescope. We computed their stellar atmospheric parameters (T eff , log g, ξ, and [Fe/H]) by means of the StePar code, a Python implementation of the equivalent width method that employs the 2017 version of the MOOG code and a grid of MARCS model atmospheres. We compiled four Fe i and Fe ii line lists suited to metal-rich dwarfs, metal-poor dwarfs, metal-rich giants, and metal-poor giants that cover the wavelength range from 5 300 to 17 100Å, thus substantially increasing the number of identified Fe i and Fe ii lines up to 653 and 23, respectively. We examined the impact of the near-infrared Fe i and Fe ii lines upon our parameter determinations after an exhaustive literature search, placing special emphasis on the 14 Gaia benchmark stars contained in our sample. Even though our parameter determinations remain in good agreement with the literature values, the increase in the number of Fe i and Fe ii lines when the near-infrared region is taken into account reveals a deeper T eff scale that might stem from a higher sensitivity of the near-infrared lines to T eff .
INTRODUCTION
The homogeneous, automated computation of stellar atmospheric parameters from stellar spectra, i.e. effective temperature T eff , surface gravity log g, stellar metallicity [M/H], and E-mail: emigom01@ucm.es micro-turbulent velocity ξ, plays a crucial role in many astrophysical contexts. First, it leads to the analysis of the fundamental properties of individual objects as well as of large stellar samples (Valenti & Fischer 2005; Adibekyan et al. 2014) . In this regard, large stellar spectroscopic surveys such as RAVE (Steinmetz et al. 2006) , APOGEE (Allende Prieto et al. 2008) , the Gaia-ESO Survey (Gilmore et al. 2012) , and GALAH (De have laid the foundations for our current understanding of the structure and evolution of the Milky Way. Secondly, exoplanetary studies also rely on stellar parameter determinations not only to enable the determination of both planetary radii and masses (e.g. Mann et al. 2019; Schweitzer et al. 2019 ) but also to characterise the habitable zones around planet-harbouring stars (Kasting et al. 1993; Kopparapu et al. 2013 ). Furthermore, correlations between the stellar metallicity and planet occurrence rates are now well established and shed light on planet formation mechanisms (Adibekyan et al. 2014; Montes et al. 2018; Delgado Mena et al. 2018) .
The equivalent width (EW) method (see e.g. Sousa et al. 2008; Tabernero et al. 2012; Tsantaki et al. 2013; Mucciarelli et al. 2013; Bensby et al. 2014; Andreasen et al. 2016 ) is, along with the spectral synthesis method (see e.g. Valenti & Fischer 2005; Piskunov & Valenti 2017) , one of the most widely-used spectroscopic techniques for determining stellar atmospheric parameters. A full account of the key caveats of these two methods can be found in Jofré et al. (2019) and Blanco-Cuaresma (2019) . The advent of high-resolution near-infrared (NIR) spectrographs such as CARMENES (Quirrenbach et al. 2018) , SPIRou (Artigau et al. 2014) , GIANO (Origlia et al. 2014; Oliva et al. 2018 ), CRIRES+ (Hatzes & CRIRES+ Team 2017) , IRD (Kotani et al. 2014) , HPF (Wright et al. 2018) , and NIRPS (Wildi et al. 2017 ) allows us to revisit these techniques, originally applied in the optical, in order to assess the impact of the NIR wavelength range on stellar parameter computations. In this context, new observations of FGK-type stars carried out with CARMENES 1 , the double-channel spectrograph at the 3.5 m Calar Alto telescope open up a unique opportunity to test the reliability of such techniques on high-resolution and high signal-to-noise (S/N) ratio spectra in the optical and near-infrared windows.
In this work, we compute the spectroscopic parameters of 65 FGK-type stars selected from a CARMENES stellar library by means of the EW method, which relies on the strength (i.e the EW measurements) of Fe i and Fe ii absorption lines to derive the stellar atmospheric parameters T eff , log g, [Fe/H], and ξ assuming local thermodynamic equilibrium (LTE). To do so, we followed the approach of Sousa et al. (2007) to automatically measure the EW of the iron lines, and the StePar code (Tabernero et al. 2019 ) to automatically compute the stellar atmospheric parameters imposing excitation and ionisation equilibrium conditions on the Fe i and Fe ii lines.
The wavelength coverage provided by CARMENES, from 5 200Å up to 17 100Å, allowed us to substantially increase the number of Fe i and Fe ii lines subject to analysis with the EW method with respect to previous studies restricted to the optical window (Meléndez & Barbuy 2009; Jofré et al. 2014 ). Furthermore, the high spectral resolution of CARMENES, which is R = 94 600 in the VIS channel and R = 80 400 in the NIR channel (Quirrenbach et al. 2018) , significantly improves both the line identification process and the EW measurements. Despite the availability of iron line lists optimised for the NIR region in the literature, the impact on stellar parameter determinations of FGK-type stars is still unknown, mostly due to the fact that such line lists have not as yet been systematically applied to significantly large samples covering a wide portion of the stellar parameter space. For instance, Andreasen et al. (2016) compiled a line list of Fe i and Fe ii lines in the region 10 000-25 000Å, but only tested it against the spectra of the Sun and the F8 IV star HD 20010.
Several other spectral libraries of high-resolution spectra in the near-infrared have been developed over the past few years. For example, Lebzelter et al. (2012) presented the CRIRES-POP spectral library, which provides highresolution (R ∼ 100 000) spectra for 25 stars between B and M spectral types at 1-5 µm. Furthermore, Nicholls et al. (2017) described the data reduction process and presented the first CRIRES-POP spectral atlas of the K giant 10 Leo. Although the resolution of the spectra in this library is comparable to that of CARMENES, the number of available spectra is significantly lower than the size of the library analysed in this work, and does not satisfactorily cover the parameter space of FGK-type stars. Another example is the IGRINS spectral library (Park et al. 2018) , which contains spectra of 84 stars between O and M spectral types in the H (1.49-1.80 µm) and K (1.96-2.46 µm) bands with a resolution of R = 45 000, which is almost half of that provided by CARMENES in the NIR channel. Finally, large surveys such as APOGEE (Zamora et al. 2015; Majewski et al. 2017) have obtained intermediate-resolution (R ∼ 22 500) spectra for hundreds of thousands of stars, but with a narrow wavelength coverage in the H band (1.5-1.7 µm).
The analysis performed in this work is structured as follows. In Sect. 2 we describe the selection of the sample. In Sect. 3 we outline the main steps of our analysis, including the line selection process and the workflow of the StePar code. In Sects. 4 and 5 we discuss the results and highlight the conclusions, respectively.
SAMPLE
We observed an extensive sample of dwarf, giant, and supergiant stars and brown dwarfs with spectral types from O4 to late L as part of the first open time proposal that used CARMENES. While further details on this stellar library will be provided in forthcoming publications, we start here its scientific exploitation.
From the stellar library we selected 65 stars with spectral types later than F5 and earlier than K4, and projected equatorial rotational velocities sin i < 15 km s −1 (see Table A1 ). The restriction in spectral type stems from the general limitations of the EW method and hence, StePar, as explained in Tabernero et al. (2019) , while stars with high rotational velocities have line profiles that cannot be properly fitted by a Gaussian shape, leading to less reliable EW measurements. None of the observed 65 FGK-type stars had a known visual (physical) or optical (non-physical) companion at less than 5 arcsec. However, we excluded from this analysis one of the giants found in the library, c Gem, with spectral type K4.5 III (Keenan & McNeil 1989) , as it appeared as an SB2 binary system after cross-correlating its spectrum with the atlas spectrum of Arcturus, as explained in Sect. 3.1.
Our target list contains 14 Gaia benchmark stars (Jofré , including the Sun. The spectrum of the Sun was obtained through the observation of the asteroid 1 Ceres thanks to the allocation of Calar Alto Director's discretionary time. According to their original purpose, the fact that the fundamental parameters of these stars have been computed independently from spectroscopy makes them suitable as a reference to assess any method aimed at the automated analysis of cool stars. Table A1 displays the star names, Henry-Draper numbers, equatorial coordinates from 2MASS (Skrutskie et al. 2006) , parallaxes from the Gaia Data Release 2 (Gaia Collaboration et al. 2018) if available, and the Hipparcos mission (van Leeuwen 2007), along with the spectral types, the values of T eff , log g, ξ, [Fe/H] and the stellar projected rotational velocities, sin i, found in the literature for the selected sample. For the Gaia benchmark stars, we adopted the parameters from Jofré et al. (2014) and , with updated values from Jofré et al. (2018) . For the remaining stars, we tabulate the stellar parameters from the most recent references found in the PASTEL catalogue (Soubiran et al. 2016) .
Following Tabernero et al. (2019) , we divided the parameter space into four different regions in terms of log g and [M/H], using [Fe/H] as a proxy of stellar metallicity, in order to simplify our search for iron lines in the CARMENES spectra, as explained in Sect. 3.2. We thus made a distinction between the dwarf regime, log g ≥ 4.00, and the giant regime, log g < 4.00, and between metal-rich stars, [Fe/H] > −0.30, and metal-poor stars, [Fe/H] ≤ −0.30. We dubbed the four resulting line lists metal-rich dwarfs (MRD), metalpoor dwarfs (MPD), metal-rich giants (MRG) and metalpoor giants (MPG). We selected the following Gaia benchmark stars, all of which were observed with CARMENES, as a reference for the assembly of the corresponding Fe i and Fe ii line lists: 18 Sco for the MRD, µ Cas for the MPD, Vir for the MRG, and Arcturus for the MPG. We show this division of the parameter space in Figs. 1 and 2.
ANALYSIS

Data processing
The 65 pairs of VIS and NIR spectra were taken in service mode between March and June 2016 with the two CARMENES channels operating simultaneously. In general, exposure times were manually adjusted to reach a signalto-noise ratio (S/N) between 100 and 300 in the J band.
The observations were carried out without the simultaneous wavelength calibration of the Fabry-Pérot etalons since there was no particular interest in precise radial velocity determinations (i.e. better than ∼ 20 m s −1 ) for these stars. The spectra were taken in "target+sky" mode, that is, the stars were observed in fibre A and the sky in fibre B. Both fibres are identical but fibre B is located at 88 arcsec to the east. Star and sky spectra are available through the Calar Alto archive. In our work we did not subtract the corresponding sky spectrum to each star spectrum, as this is an on-going analysis (Nagel et al. 2019) .
The raw spectra were reduced with the CARACAL pipeline (Zechmeister et al. 2014; Caballero et al. 2016) , which is based on the IDL REDUCE package (Piskunov & Valenti 2002) . CARACAL generates one fully reduced, wavelength-calibrated, one-dimensional spectrum of the individual spectral orders. Fig. 4 displays the CARACAL S/N of the four reference spectra as a function of the diffraction order m. We estimated the global S/N of the spectra with the integrated Spectroscopic framework (iSpec, see Blanco-Cuaresma et al. 2014) in terms of the median of the flux values divided by their corresponding flux errors. The global S/N of the selected spectra can also be found in Table A2 .
Next, we employed a wavelength grid to merge the spectral orders of both channels into one single spectrum. The wavelength grid, which is evenly spaced on a logarithmic scale, mirrors the natural wavelength spacing of the CARMENES spectrographs across the orders. In Fig. 5 we show the normalised, merged spectra of the four stars taken as a reference in this work.
Since the CARMENES instrument operates in vacuum, we performed a vacuum-to-air wavelength conversion of the order-merged, channel-merged, CARMENES spectra to provide the wavelengths of the Fe i and Fe ii lines on an air scale, following the International Astronomical Union standard (Morton 2000) :
where n is the refraction index, which is given by the following expression:
where s = 10 4 /λ vacuum , with λ vacuum inÅ. After the vacuum-to-air wavelength conversion, we accounted for the barycentric velocity of the observatory at the time of observations. We then computed the radial velocities with iSpec by means of the cross-correlation function between the observed CARMENES spectra and a template spectrum provided by iSpec in the following way. In the dwarf regime, we set as the template a solar spectrum based on data from the NARVAL (Aurière 2003) and HARPS (Mayor et al. 2003) instruments (see Blanco-Cuaresma et al. 2014) covering the overlap region with CARMENES, i.e. the 5 200-10 480Å range. Likewise, in the giant regime we set as the template spectrum an atlas of Arcturus covering the 5 200-9 260Å range (Hinkle et al. 2000) . Both template spectra were corrected from telluric absorption features, which makes them suitable for cross correlation. This allowed us to correct the spectra from the corresponding Doppler shift. In Fig. 3 we compare the radial velocities thus computed against the literature values. Four stars exhibit a difference in radial velocity greater than 1 km s −1 compared to literature values. These are all singled-lined (SB1) spectroscopic binaries: µ Cas (Worek & Beardsley 1977) , α CMi (Girard et al. 2000) , α UMa (Spencer Jones & Furner 1937) , and ζ Her (Scarfe et al. 1983 ). The radial velocities of our sample can also be found in Table A2 . The average difference in the computed radial velocities of the sample with respect to the literature values is 0.09 ± 0.64 km s −1 .
Fe i and Fe ii line selections
We requested four line lists from the Vienna Atomic Line Database (VALD3; Ryabchikova et al. 2015; Kupka et al. 2000 Kupka et al. , 1999 Piskunov et al. 1995) , corresponding each to one of our four reference spectra. We used the option Extract stellar available at the VALD3 website 2 , with a wavelength range from 5 300 to 17 100Å, a minimum line depth of 5% with respect to the continuum flux, and the corresponding input stellar parameters found in Table A1 . We excluded the 2 http://vald.astro.uu.se wavelength range 5 200-5 300Å from this search because of the low S/N of the CARMENES spectra in this region.
Because of its user-friendly interface, we used iSpec to select the Fe i and Fe ii spectral lines by visually projecting the VALD3 line list files onto the corresponding processed reference spectra. We rejected Fe i and Fe ii lines that showed spectral blending with close atomic and molecular lines. Since telluric lines are ubiquitous in the nearinfrared and at the red end of the optical (see e.g. Reiners et al. 2018) , we computed a synthetic transmission spectrum via the telluric-correction tool molecfit ( 18 Sco (MRD) Figure 5 . Distribution of the selected Fe i and Fe ii absorption lines in the reference spectra. The Fe i and Fe ii lines are shown as black and pink vertical lines, respectively, below the spectra. The VIS and NIR channels of the CARMENES instrument are shown in blue and red, respectively. The grey shaded areas show the regions severely affected by telluric absorption. Smette et al. 2015) , which makes use of the line-by-line radiative transfer model (LBLRTM, Clough et al. 2005 ) and the HITRAN molecular line database (Gordon et al. 2017) , to model the Earth's atmospheric transmission spectrum. This allowed us to prevent wrong line identification throughout the visual inspection of the reference spectra. Further details on the telluric correction of the CARMENES spectra can be found in Passegger et al. (2019) . A full description of the correction will appear in a forthcoming publication of the CARMENES series (Nagel et al. 2019) .
To expedite our analysis, we also looked for Fe i and Fe ii line compilations found in the literature that overlap with the wavelength range covered by CARMENES. Since the careful analysis of the optical wavelength range up to ∼6 860Å has already led to several line lists published in previous works that were specifically compiled to yield the best possible set of stellar atmospheric parameters for FGK-type stars (see e.g. Sousa et al. 2008; Jofré et al. 2014; Tabernero et al. 2019) , we refrained from further refining the line selection in this window and adopted the iron lines given in Sousa et al. (2008) . As to the near-infrared region, we checked our iron line selections from 10 000 to 17 100Å against the ones tabulated in Andreasen et al. (2016) . Despite our careful search for Fe ii in the NIR region, we only found one Fe ii line at λ = 10 501.503Å. Finally, iron lines found in the region 6 800-10 000Å were not compared with the literature due to the lack of line compilations in this spectral window. In Table 1 we show a summary of the number of iron lines listed in this work on a global and per-line list basis, i.e. MRD, MPD, MRG, and MPG, in comparison with those tabulated in Sousa et al. (2008) and Andreasen et al. (2016) in the wavelength region covered by CARMENES.
Since we assembled the line lists considering four specific reference spectra, we removed the Fe i and Fe ii line identifications that fall into any of the CARMENES interand intra-order gaps 3 as a consequence of the corresponding Doppler shift corrections in the remaining spectra of the sample.
In Fig. 5 we show the distribution of the selected Fe i and Fe ii lines in the reference spectra. In addition, in Fig. A1 we give a close-up view of the spectrum of the reference, solar-type star 18 Sco along with the line selections. We give the central wavelength in air, λ air , the excitation potential, χ, and the oscillator strength, log g f , of the selected Fe i and Fe ii lines in Tables A4 and A5, respectively.
EW measurements
We computed the EWs by fitting Gaussian profiles to the absorption lines 4 , as shown in Fig 6. First, we selected a region approximately 6Å wide centred at the selected absorption line, l, and performed a continuum normalisation on the spectra following Sousa et al. (2007) . Specifically, we fitted a third degree polynomial to the data, selecting only the points that lie within rejt times the polynomial, where rejt = 1 − 1/(S/N), and S/N is the signal-to-noise ratio of the region. We then identified the absorption lines present in the spectra by finding the points where the first derivative of the data was zero, and the second derivative was positive. Finally, we fitted Gaussian profiles to the lines detected, and integrated the profile corresponding to the selected line l to obtain the EW. The uncertainty in the EW was estimated by changing the Gaussian parameter estimates within 1σ of their uncertainty for a total of 1 000 iterations, and looking at the EW distribution. As in Tabernero et al. (2019) , we only considered lines with 10 mÅ < EW < 120 mÅ for all stars in the sample to avoid problems with line profiles of very intense lines and potentially bad EW measurements of extremely weak lines. 4 The code is available at: https://github.com/msotov/EWComputation.
StePar
The StePar code 5 is a Python implementation of the EW method specifically designed for the automated and simultaneous computation of the stellar atmospheric parameters of FGK-type stars, namely T eff , log g, [Fe/H], and ξ. StePar is one of the thirteen pipelines in the Gaia-ESO Survey used in the analysis of UVES U580 spectra of late-type, low-mass stars. A full description of its workflow and performance can be found in Tabernero et al. (2019) . StePar is an iterative code that derives the stellar parameters and their associated uncertainties by imposing both excitation and ionisation equilibrium conditions on a set of Fe i and Fe ii lines, using the 2017 version of the MOOG 6 code (Sneden 1973) and a grid of plane-parallel and spherical MARCS 7 model atmospheres (Gustafsson et al. 2008) .
For any given MOOG-compliant EW input file comprised of a significant number of Fe i and Fe ii lines, StePar follows a Downhill Simplex minimisation algorithm (Press et al. 2002) across the parameter space in order to find the stellar atmospheric parameters that best reproduce the observed EWs. The code takes T eff = 5777 K, log g = 4.44 dex, and ξ = 1.0 km s −1 as the initial input values.
If we let (Fe) represent the iron abundance retrieved from any given Fe line and χ be the excitation potential of the line, StePar iterates until the slopes of χ vs. log (Fe i) and log EW/λ vs. log (Fe i) are zero, i.e. the iron atoms are in excitation equilibrium. It also imposes ionisation equilibrium so that log (Fe i) = log (Fe ii). Throughout this iterative process, the code verifies that the average [Fe/H] in the MOOG output is always compatible with the iron abundance of the input atmospheric model. Next, StePar performs an individual σ clipping on the Fe i and Fe ii lines to remove the ones that imply an iron abundance, log (Fe), that exceeds the 3σ limit with respect to the median abundance of all lines. After this step, StePar restarts the minimisation algorithm with the remaining Fe i and Fe ii lines, taking as initial input values the parameters computed in the first run. StePar computes the uncertainties in the stellar atmospheric parameters following the sequence: δξ, δT eff , δ log g, and δ[Fe/H]. This computation relies on the retrieved Fe i and Fe ii abundances and the uncertainties in the slopes that define the equilibria conditions. The code also propagates the uncertainties following the previous sequence. For example, the uncertainty in [Fe/H] is a quadrature between the standard deviation of the Fe i and Fe ii abundances and the propagated uncertainties in the remaining stellar parameters. Further details on the computation of the uncertainties can be found in Tabernero et al. (2019) .
RESULTS AND DISCUSSION
In Table A2 we give the stellar atmospheric parameters of the sample computed with StePar. These were obtained after matching the corresponding Fe i and Fe ii line lists to the stars according to their reference parameters reported in Table A1 .
We also performed the analysis of the sample with the EW method taking into account only the Fe i and Fe ii lines found in the optical region covered by the VIS channel of the CARMENES instrument. The parameters thus obtained can be found in Table A3 . Unfortunately, we could not attempt to analyse the NIR in the same manner because of the scarcity of Fe ii lines above 9 600Å.
In Fig. 7 we display a Kiel diagram, i.e. log g versus log T eff , of our sample as computed with StePar, along with the Yale-Potsdam Stellar Isochrones (YaPSI, Spada et al. 2017 ) at solar metallicity, namely Z = 0.016. Overall, we found no disparity between our derived values and the region of the parameter space covered by the isochrones. As pointed out by Tabernero slightly higher effective temperatures for F-type dwarfs. Five luminous, G-type, giant stars (β Dra, F Hya, Leo, 37 LMi, and ζ Mon) are located at an anomalous position in the Kiel diagram. According to Luck (2014) , these stars are thought to be the evolved counterparts of early F-to B-type mainsequence stars that have reached the He-burning evolutionary stage. In the cool regime, i.e. K-type stars, where stellar spectra become increasingly more crowded, the continuum placement is more uncertain, and the iron lines are subject to blending with other spectral features. On the other hand, sufficiently strong iron lines become increasingly scarce towards early F-type stars. This has a strong impact on the computed errors in the stellar atmospheric parameters, in particular the effective temperature, and the line-to-line scatter in [Fe/H], as shown in Figs. 8 and 9, respectively.
In Figs. 10 and 11 we compare the stellar atmospheric parameters computed with StePar with values from the literature (McWilliam 1990; Heiter & Luck 2003; Allende Prieto et al. 2004; Valenti & Fischer 2005; Hekker & Meléndez 2007; Liu et al. 2007; Sousa et al. 2008; Takeda et al. 2008; Lyubimkov et al. 2010; Wu et al. 2011; Thygesen et al. 2012; Santos et al. 2013; Morel et al. 2014; Luck 2014; Jofré et al. 2014 Jofré et al. , 2015 da Silva et al. 2015; Jofré et al. 2018 ), taking into account the VIS and NIR channels simultaneously, and only the VIS channel, respectively. To explore possible sources of potential systematic trends or offsets, we followed the Monte Carlo method implemented in Tabernero et al. (2018) . We generated 10 000 synthetic samples based on our derived stellar atmospheric parameters. We computed all data points in each of these artificial samples by means of a normal distribution centred at the original measurements, and took the uncertainties in each parameter as the width of the distribution. The summary of the Monte Carlo simulations can be found in Table 2 . We computed the Pearson and Spearman correlation coefficients, which quantify the degree of correlation between any two given variables. We found a significant correlation in the differences between our own T eff values and the literature versus the literature values. However, no such correlation was found in the derived log g and [Fe/H] values.
At first glance, it seems that our temperature scale has an intrinsic systematic error with respect to the literature values. The offset appears to be linked to the fact that we now include the NIR channel, given that the correlation diminishes when we restrict the analysis to the iron lines found in the VIS channel. Although the StePar code could be thought to be the underlying reason for this correlation, we are not comparing the same temperature scale. In other words, we now take into account iron absorption lines in a wavelength region that is different from most studies found in the literature. In addition, this offset is more noticeable for the coolest stars. The former result could arise from the fact that the NIR lines are more sensitive to the effective temperature than the optical lines, at least for the cool stars. In other words, although the inclusion of the NIR in the analysis does not bring extreme differences of the derived stellar parameters with respect to the analysis using the optical range, it seems to reveal a deeper T eff scale as suggested by the meaningful correlation found in Table 2 as well as Figs. 10 and 11.
In Fig. 12 we show the values of log g derived with StePar against those obtained adopting the distances from Gaia DR2 (Gaia Collaboration et al. 2018) , if available, and the Hipparcos mission (van Leeuwen 2007). We computed the latter log g values by means of the PARAM web interface 8 (da Silva et al. 2006; Rodrigues et al. 2014 Rodrigues et al. , 2017 , which employs a Bayesian approach to derive the stellar parameters, including stellar age, mass and radius. The log g values obtained with PARAM can be found in Tables  A2 and A3 . Following the Monte Carlo method described above, we found a systematic offset of 0.15±0.38 dex. The Pearson and Spearman correlation coefficients, which are r p = −0.302 ± 0.093 and r s = 0.259 ± 0.104, respectively, reveal a correlation of around 9%, which is slightly lower than previous works (see e.g. Tabernero et al. 2017) .
Regarding the micro-turbulent velocity, Fig. 13 shows the values of ξ obtained with StePar against the literature. Our derived values for ξ are compatible to the literature values to a large extent. However, six stars (i.e. β Dra, F Hya, ζ Mon, σ Oph, θ Her, and HD 77912), with computed ξ values larger than 3 km/s, show larger deviations with respect to the literature, which can be as large as 1.6 km s −1 . as in the case of the star ζ Mon. In addition, we retrieved a significantly lower ξ value for the star υ Boo compared to the literature. Although ξ and [Fe/H] are thought to be partially degenerate (Valenti & Fischer 2005) , we fail to identify the impact that such high or low ξ values have on [Fe/H] for these stars in our analysis. For example, a difference of 1.6 km s −1 in ξ for the star ζ Figure 11 . Same as Fig. 10 but restricting the analysis to the Fe i and Fe ii lines found in the optical wavelength region covered by the VIS channel of CARMENES. Jofré et al. (2018) , can be found in Fig. 14. We find good agreement between our derived values and the fundamental T eff and log g, i.e. derived from the fundamental relations L = 4πR 2 σT 4 eff and g = GM/R 2 , respectively, by means of specific information that is available for these stars, such as the parallax, the angular diameter, and the bolometric flux. Nonetheless, we note four outliers in T eff (∆T eff > 200 K) and two in log g (∆ log g > 0.25 dex). Among the outliers in log g are Arcturus and 7 Psc. According to , the log g value of Arcturus remains uncertain, with literature values ranging from 1.4 up to 2.0 dex, while both the T eff and log g values for the star 7 Psc are, in fact, not recommended for use as reference values. Among the outliers in T eff are the stars HD 49933, µ Leo, Vir, and 7 Psc. As stated by , the fundamental T eff value for the stars Vir and µ Leo is significantly lower (∼ 3%) than the value derived in spectroscopic studies. Lastly, at the hot regime, the typical spectroscopic T eff values computed for the star HD 49933 are generally larger.
Lastly, in Fig. 15 we show the final Fe i and Fe ii abundances versus the excitation potential and the reduced equivalent width of the lines, for the four reference CARMENES spectra (18 Sco, µ Cas, Vir, and Arcturus). 
CONCLUSIONS
In this work, we have expanded previous optical Fe i and Fe ii line lists into the wavelength range covered by CARMENES, i.e. from 5 300 to 17 100Å. The line lists are suited for FGKtype stars and relate to metal-rich dwarfs (MRD), metalpoor dwarfs (MPD), metal-rich giants (MRG), and metalpoor giants (MPG). For the first time, we provide Fe i and Fe ii lines in the wavelength region between 6 800Å and 10 000Å. Altogether, these new line lists contain 653 Fe i 2019), respectively. This implies more than doubling the number of Fe i and Fe ii lines useful for abundance and radial-velocity analyses. The availability of these Fe i and Fe ii line lists is also an asset for other new high-resolution near-infrared spectrographs such as SPIRou, GIANO, CRIRES+, IRD, HPF, and NIRPS that also provide wavelength coverage in the near-infrared wavelength region. We have reported that the star c Gem (HD 62285) is a new SB2 system, as shown by the cross-correlation with an atlas spectrum of Arcturus.
In addition, we have computed an homogenised set of stellar atmospheric parameters for a sample of 65 FGKtype stars observed with CARMENES by means of the EW method. We made a comprehensive comparison of our T eff , log g, and [Fe/H] values with those of virtually all relevant determinations of stellar atmospheric parameters of FGK-type stars. Our parameter determinations are in good agreement with the literature values in general, particularly with the region of the parameter space covered by the YaPSI isochrones (Spada et al. 2017 ) and the Gaia benchmark stars (Jofré et al. 2014 (Jofré et al. , 2018 . The scarcity of Fe ii lines in the NIR wavelength range covered by CARMENES prevented us from performing the stellar parameter determinations using this spectral region alone. However, when using both VIS and NIR CARMENES channel data, we found a broader T eff scale that seems to be linked to a higher sensitivity to effective temperature of the iron lines found in the NIR region.
The line selections provided in this work will be useful for the spectroscopic analysis of any FGK-type star simultaneously observed in the optical and near-infrared wavelength regions. Finally, in a forthcoming publication we plan to ex- pand optical line lists of additional chemical species into the NIR covered by CARMENES and thus assess the impact of the near-infrared wavelength region upon chemical abundance computations for FGK-type stars.
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APPENDIX A: APPENDIX
In Table A1 we give the literature values of the stellar atmospheric parameters for the selected sample. In Tables A2  and A3 we give the stellar atmospheric parameters computed with StePar in the whole VIS+NIR region and VIS region, respectively. In Tables A4 and A5 we list the Fe i and Fe ii lines along with their parameters, respectively, for metalrich dwarfs (MRD), metal-poor dwarfs (MPD), metal-rich giants (MRG), and metal-poor giants (MPG). Finally, we include the CARMENES spectrum of the reference, metalrich dwarf 18 Sco in Fig. A1 , along with the Fe i and Fe ii lines indicated in red and green, respectively. Reference for spectral type, SpT: Caballero et al. (in prep.) . f Gaia benchmark star (Jofré et al. 2014 (Jofré et al. , 2018 . 
